In this paper, psyllium (Psy) and acrylamide (AAm) based superabsorbent, synthesized using potassium persulphate (KPS) as an initiator and hexamethylene tetramine (HTMA) as a crosslinker, has been investigated for its swelling behaviour in distilled water as a function of time, temperature and pH. The hydrogel has further been applied for controlled delivery of 5-amino salicylic acid (5-ASA) under different pH conditions at 37 ºC. It has been found to show Fickian type mechanism as the drug release showed diffusion coefficient less than 0.50 for all the pH conditions.The gel characteristic constant has been found to show 6.9 × 10 -2 , 20.61 × 10 -2 and 33.4 × 10 -2 values for pH 4.0, 7.0 and 9.2, respectively. The initial diffusion coefficient has been found to show greater values than late diffusion coefficient confirming greater release at the early stages of the drug release than that in the late stages.
introdUction
A great attention has been diverted towards newly developed and powerful drugs. The toxic effects of each drug above the therapeutic range can not be coped-up with our conventional methods like injections and capsules, which ultimately lead to increasing blood drug concentration, reaching peak and then declining in an uncontrolled way. The obedience of the patient with the prescription decides the plasma drug concentration at a particular time.
In order to evade such problem and to achieve more desirable pattern of drug administration, advances in controlled drug delivery were explored. A study revealed the synthesis of acrylic type polymeric systems with degradable ester bonds linked to 5-ASA for controlled release of the drug. 1 Investigation of the drug release of polymer prodrugs of 5-ASA has been carried-out and it was observed that the release was not only dependent on the property of the polymers but also dependent on the solubility of the prodrugs. 2 In a study, polyacrylamide-grafted-guar gum was utilized for the controlled release of diltiazen hydrochloride, in the form of tablet. 3 Poly(acrylic acid-gethylene glycol) hydrogels were prepared for the study of effects of hydrogel composition, polymerization conditions and surrounding environment on theophylline release kinetics and drug transport mechanism. 4 Effect of surfactants (Twean 60 and Cremophor RH 40) and drug loading (nystatin) on the drug release rate from ethylene vinyl acetate copolymer was investigated. 5 Choi et al. 6 synthesized thermosensitive poly(n-isopropylacrylamide)-b-poly(ε-caprolactone) nanoparticles by hydroxyl-terminated poly(Nisopropylacrylamide) initiated ring opening polymerization of ε-caprolactone. The polymer was found to be efficient for sustained drug delivery.
Kim et al. 7 prepared an ethylene-vinyl acetate (EVA) matrix containing quinupramine for developing a controlled delivery system. A series of copolymers were synthesized using D, L-lactic acid with sebacic acid and formulated into blank and methotrexate (MTX) loaded microspheres by emulsion-solvent evaporation method. The release profile of the encapsulated drug was studied. 8 Application of a supercritical antisolvent coating process for controlled drug release design was investigated by Wang et al. 9 Hydrocortisone as the host drug particles and poly(lactide-co-glycolide) [PLGA] as the polymer carrier, were used as the model system for the purpose. Injectable material having advantages of a sol-to-gel transition system and minimal burst release of drug was synthesized from poly(ethylene glycol)-sebacic acid polyester. 10 Xu et al. 11 has developed and studied a novel controlled drug delivery system in which drug release is achieved by electrochemically actuating an array of polymeric valves on a set of drug reservoirs. Heyes et al. 12 synthesized an alternative poly(ethylene glycol)-lipid conjugates to overcome some of the disadvantages of commonly used PEG-lipids. The properties of these novel PEG-lipids were investigated using SPLP (PEG-stabilized liposomal vesicles encapsulating plasmid DNA) as a model system. Seong et al. 13 designed biocompatible and thermosensitive poly(organophosphazenes) to achieve local delivery of peptide and protein drugs. in vitro studies were performed for loading and releasing of human growth hormone (hGH) as a model drug.
Psyllium is a natural plant polysaccharide and is used as an Ayurvedic medicine for many centuries. Chemically, psyllium husk is composed of arabinoxylan, 14 which is complex polysaccharide having linearly joined β-1,4-linked D-xylopyranose units with side branches of α-L-arabinofuranose residues. Polymeric chain might contain 1500-5000 residues. Branching generally occurs either through 2-or 3-substitution or 2-and 3-disubstitution. 15 The flexible furanose conformations of the side branches have been found to be the sites for water absorption while disubstitution brings about inflexibility in the main chain.
A very little work has been reported on the modification of psyllium for enhancing its end spectrum. Previously, some work has been done on psyllium and functionalized psyllium has been used as flocculants in purification of water. [16] [17] [18] [19] [20] In the present study, Psy-cl-poly(AAm) has been investigated for its swelling behaviour as a function of time, temperature and pH in distilled water. The hydrogel has been studied for its controlled drug (5-ASA) release behaviour at different pH conditions.
experimental materials and method
Psyllium (Sidhpur Sat-Isabgol Factory), acrylamide (LOBA Chemie Pvt. Ltd.), potassium per sulphate (SD Fine) and hexamethylene tetramine (LOBA Chemie Pvt. Ltd.), 5-amino salicylic acid (Merck), pH tablets (SD Fine), were used as received.
KBr pellets of the samples were prepared in hydraulic press and the FTIR spectra were recorded using Perkin Elmer spectrophotometer, Shimadzu electronic balance (LIBROR AEG-220) was used for weighing purpose. SEMs of the samples were taken on JEOL STEROSCAN 150 MICROSCOPE. X-ray diffraction studies were carried-out on X-ray diffractometer (BRUKER AXS D8 ADVANCE). X-ray diffractions were performed under ambient conditions on Bruker-D 8 advance model using Cu Kα (1.5418 ºA) radiation, Ni-filter and scintillation counter as detector at 40 KV and 40 mA on rotation between 0.5 º or 1.0 mm of divergent and anti-scattering slit. The small particle size of each sample of Psy-cl-poly(AAm) and psyllium was made and was homogeneously mixed prior to subjecting it for X-ray diffractometry. The sample holder was made of PMMA polymer and consisted of round central cavity. Outer diameter of the holder was 50 mm, central cavity had diameter of 25 mm which retained the sample of height 1mm and the holder height was 8.5 mm. The holder was then held in vertical position and the sample was tapped gently. A glass slide was clipped up to the top face of the sample holder first, so as to form a wall of the sample in symmetry to the holder walls. This procedure was repeated until the cavity was filled. Finally, the glass slide was carefully removed without disturbing the sample surface. Powder outside the central cavity was removed with tissue paper. Corundum was the reference to calibrate the instrument.
preparation of sample Free radical graft co-polymerization technique has been used for the modification of psyllium with acrylamide in the presence of KPS-HTMA as an initiator-crosslinker system. 1 g of psyllium was taken in a flask and mixed till uniformity in a known amount of solvent followed with the addition of initiator (0.9 × 10 -2 molL -1
). 2.8 × 10 -1 molL -1 of monomer and crosslinker (4.3 × 10 -2 molL -1 ) were then added to the mixture. The mixture was vigorously stirred till homogeneity of the reaction mixture is attained. 21 The homopolymer was separated from reaction mixture by washing with acetone with continuous stirring. The polymers were then dried in hot air oven at 50 ⁰C till constant weight is attained.
swelling behaviour in distilled water
The swelling behaviour of the hydrogels in distilled water has been investigated at varied time (2, 4, 8, 16 and 24 h), temperature (25, 37, 45 and 50 ºC) and pH (acidic, neutral and alkaline). 100 mg of the polymer was taken and immersed in excess of solvent. Polymer was taken out after a definite interval, wiped and was weighed immediately. The process was repeated till a constant weight was reached. The percent swelling was reported, using the well known equation:
where Ws = weight of swollen gel, W d = weight of dried gel drug loading Saturated aqueous solution of the drug was prepared and its wavelength for maximum absorption was noted down. 750 mg of the polymeric sample was immersed in 100 ml of drug solution for 24 h. The polymer was then takenout from the solution, wiped off, and was kept for drying. Dried drug-loaded polymer was then washed with distilled water to remove any surface adhered drug molecules and then was studied for drug release kinetics as a function of release time and pH using UV-VIS spectrophotometer. Release kinetics was studied at 2 hourly time intervals.
mathematical analysis
Mathematical modeling of drug release with hydrogel was studied as per the methods reported earlier in the literature. [23] [24] [25] [26] [27] Since the complex models failed to yield a convenient formulae and required techniques using numerical solutions therefore, generalized empirical equation has been used to describe the water uptake through the glassy polymer and drug release from these devices,. The empirical equation used to describe the water uptake which is the weight gain (M s ) can be presented as:
where, 'k' and 'n' are constant. 'n' = 0.5 revealed the normal Fickian diffusion whereas 'n' = 1.0 signifies Case II diffusion. Non-Fickian or anomalous diffusion is characterized with value of n between 0.5 and 1.0. 28 Evaluation of drug release from the swellable polymers can be evaluated from the above power law expression. 29 Here, M s is replaced with M t / M ∞ and the expression is modified as:
where, M t / M ∞ is the fractional release of drug in time t. 'k' is the constant which is characteristic of polymer-drug system. 'n' is the diffusion exponent characteristic of the release mechanism. Value of 'n' and 'k' can be evaluated from the slope and intercept of the plot between ln M t / M ∞ versus ln t, respectively. This equation can be applied until 60 % of the total drug is released.
Diffusion coefficients
Analysis of drug release from various hydrogels can be performed by calculating the diffusion coefficients. Diffusion process can be adequately described through Fick's first and second law. Integral diffusion for the cylindrical hydrogel can be given as:
where, M t / M ∞ is the fractional release, M t is the drug released at time 't', and M ∞ is the drug release at equilibrium, D is the diffusion coefficient and l is the thickness of the sample. The average diffusion coefficient (D A ) for the 50 % release of the drug can be calculated by putting M t / M ∞ = 0.5 in Eq. 3, and can be presented as:
where, t 1/2 is the time required for the 50 % release of drug.
Eq. 5 gives the value of late diffusion coefficient and can be calculated as: 31, 32 (5)
The slope of plot between ln(1-M t / M ∞ ) and time 't' can also be used for the evaluation of D L . (6) resUlts and discUssion synthesis Various reaction parameters such as initiator concentration, amount of solvent, reaction time, reaction temperature, monomer concentration and crosslinker concentration were optimized and the results obtained are shown in Table 1 . characterization ftir spectroscopy FTIR spectrum of psyllium (Fig. 1a) showed broad peaks at 3427.6 cm scanning electron microscopic studies In order to have the conducting impact, the gels were gold plated and the scanning was synchronized with microscopic beam so as to maintain the small size over large distance relative to the specimen. The resulting images had a great depth of the field. A remarkable three dimensional appearance with high resolution was obtained in case of backbone and crosslinked samples (Fig. 2) . It has been found that graft copolymerization of acrylamide onto psyllium resulted in decreased coherence length with increase in graft copolymerization. Hence, there was net decrease in anisotropy of the system with increase in graft yield ( swelling behaviour of hydrogel in distilled water effect of time on to p s It has been found that the polymer showed increase in percent swelling (P s ) with increase in time interval and maximum swelling (4216 %) was found at 24 h with 25 ºC. However, further increase in time resulted in constant P s [ Fig. 3a ]. This is due to the reason that the porous network of the hydrogel gets completely saturated with the solvent molecules.
figs. 3(a):
effect of temperature on to p s As is evident from Fig. 3b , P s increases with increase in temperature reaching maximum of 4500 % at 45 ºC. Further increase in temperature resulted in decreased P s . This can be explained on the basis that with increase in temperature, the network structure initially stretches up to 45 ºC but further rise in temperature resulted in collapse of the network.
release behaviour of 5-amino salicylic acid The release of 5-amino salicylic acid through loaded polymeric gels in the medium with different pH values, was studied at λ max : 340 nm. The drug release studies have been performed in triplicate and the standard error and standard deviation of these results have been analyzed (Table 3a) .
release of 5-amino salicylic acid with psy-cl-poly(aam)-ia-hmta As is evident from Fig. 4a , Psy-cl-poly(AAm)-IA has been found to exhibit maximum initial release (2 h) of drug at pH 9.2 (218 ± 6.55 ppm) followed by the release at pH 7.0 (184 ± 2.08 ppm) and release at 4.0 pH (109 ± 5.50 ppm) Moreover, final release of drug at the interval of 18 h has also been found maximum in case of alkaline medium (301 ± 7.23 ppm) followed by release in neutral medium (291 ± 7.21 ppm) and then in acidic medium (257 ± 14.10 ppm). The drug concentration attained a constant value after 18 h. The release has been found to increase with increase in pH. This is due to the fact that at lower pH, the -CONH 2 groups on the backbone are in unionized form, thereby, keeping the polymeric matrix in its collapsed state. But at higher pH values, these groups get partially ionized to -COO -groups 35 which being like ionic groups repel each other leading to increased drug diffusion from the polymer matrix. 36 Fickian type mechanism for the drug release has been observed from the different values of diffusion exponent 'n', 0.38, 0.25 and 0.15 at pH 4.0, 7.0 and 9.2, respectively. The gel characteristic constant 'k' has been found to be 6.9 × 10 (Table 4b ). The Fickian type mechanism has further been confirmed from the non-sigmoid curve obtained from the plot of M t /M ∞ versus t 1/2 (Fig. 4d) . 4 Mullarney et al. 37 reported similar kind of Fickian behaviour for the release of Pheniramine maleate through 38 using interpenetrating networks of poly(nisopropylacrylamide) and calcium alginate.
The initial diffusion coefficient at different media has been found to be greater than late diffusion coefficient indicating faster diffusion in the early stages of drug release than the later stage. Further the drug release experiments performed at higher pH resulted in increased value of 'Di' and 'D L ' (Table  3b) . These results manifest the anionic properties and pH sensitivity of these hydrogels system. 
conclUsion
It can be concluded from the foregone discussion that the functionalized hydrogel i.e. Psy-cl-poly(AAm)-IA-HMTA was found to be pH and temperature sensitive and hence is a smart polymer. Moreover, the release of 5-ASA at different pH conditions revealed that the polymer showed controlled pH sensitive and sustained release. Moreover, Psy-cl-poly(AAm)-IA could withstand the alkaline and acidic conditions in comparison to that of psyllium backbone. Hence, the functionalized polymer is an important candidate for controlled and sustained drug delivery systems.
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